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Liquid alkali metals have several physical properties which favor their use in a number
of important applications. For example, their large liquidus temperature range and their
excellent heat transfer properties are important for use as heat transfer media. They are
used in large nuclear reactors in which hundreds of tons of sodium are circulating, and in
small parts of engines for cooling of valves. Since these metals are among the most
electropositive elements, several of them~Li, Na! can be used in high specific capacity
and high energy density batteries at moderately elevated temperatures. The compatibility
of metallic constructional materials which are used to contain the liquid metals is strongly
influenced by nonmetals present in the liquids. The physical properties of the liquid
metals are also influenced by dissolved substances. Several nonmetals dissolved in alkali
metals are able to form ternary compounds with components of the constructional mate-
rials. Thus, corrosion and compatibility studies have been accompanied by extensive
chemical work related to the solutions of non-metallic substances in liquid alkali metals.
All available solubility data of nonmetallic elements and some of their compounds in the
five liquid alkali metal solvents~Li, Na, K, Rb, and Cs! are collected and compiled.
Original publications with reliable data and information on the methods used to generate
them are reported in individual Compilations. When numerical data are not given in a
publication, the data are often read out from figures and converted into numerical data by
the compilers. The precision of this procedure is indicated in the Compilations under
Estimated Error. Evaluated solubility data are tabulated at the end of the Critical Evalu-
ations: if there is agreement of at least two independent studies within the experimental
error, the solubility values are assigned to the ‘‘recommended’’ category. Values are
assigned as ‘‘tentative,’’ if only one reliable result was reported, or if the mean value of
two or more reliable studies was outside the error limits. In the tabulation, three, two, or
one significant figures are assigned for respective precisions that are better than61% and
610% and worse than610%. If necessary, the solubilities are recalculated into mol %.
The completeness of this investigation of the literature has been confirmed and extended
by studying several reviews dealing with the solution chemistry of substances in the
alkali metals. Solubility data are sometimes measured under parameters, which are not
standard conditions of such measurements. Frequently measurements are performed un-
der constrained pressure. The solubility of noble gases or other gases, which do not form

a!Electronic mail: zlata.voss@imf.fzk.de
b!Electronic mail: cegie@chem.uw.edu.pl
© 2001 American Institute of Physics.
0047-2689Õ2001Õ30„4…Õ835Õ324Õ$35.00 J. Phys. Chem. Ref. Data, Vol. 30, No. 4, 2001835



836836 H. U. BORGSTEDT AND C. GUMINSKI
compounds with the alkali metals, depends on the gas pressures. This dependency is
documented in the data sheets. Schematic phase diagrams are presented in systems for
which they assist the understanding of the data and the conclusions. They are based on
the most recent state of knowledge and generally presented in the Critical Evaluations.
Some solubility diagrams are shown in form of a log solubility versus reciprocal tem-
perature function. These figures illustrate the larger scatter of data for systems in which
interfering reactions cause unstable behavior of solutions. While several solutes are well
defined substances, other systems need still additional studies to define the equilibrium
solid state compound. One should realize that estimations of the stoichiometry and ther-
mal stability of ternary compounds are experimentally difficult, and their results are often
uncertain. ©2001 American Institute of Physics.
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1. Preface

Liquid alkali metals have several physical propertie
which favor them for technical application. The large te
perature range of the liquid state and their excellent h
transfer properties are important for use as heat tran
media.1,2 They are used in large nuclear reactors in wh
hundreds of tons of sodium are circulating, and in small pa
of engines for cooling of valves. Since these metals
among the most electropositive elements, they can be us
batteries with high cell voltage, large specific energy, and
moderately elevated temperatures. Even in two-phase
transfer systems as heat pipes, thermionic or magn
hydrodynamic devices, alkali metals are suitable work
fluids at high temperatures. As alkali metals react often v
lently with nonmetallic elements or compounds, the solub
ity of nonmetals in liquid alkali metals is of importance fo
their technical uses.

The compatibility of metallic constructional material
which are used in energy conversion devices with liquid
kali metals, is strongly influenced by nonmetals presen
the liquids. The physical properties of the liquid metals a
also influenced by dissolved substances. The knowledg
the solubility of nonmetals in the liquid alkali metals is ne
essary for the choice of the methods to purify them in resp
to the dissolved contaminants. Several nonmetals disso
in alkali metals are able to form ternary compounds w
components of the constructional materials. Such react
may influence the properties of the interfaces or enhance
corrosion of the materials. The high affinity of the alka
metals to form compounds with the constituents of the atm
sphere is the reason for the strict exclusion of the atmosp
to the level of traces in their technical uses.

This volume contains the collection of evaluated expe
mental solubility data of the nonmetallic elements and so
compounds of them with the five alkali metal solvents~Li,
Na, K, Rb, and Cs!. The systems were ordered following th
~IUPAC recommended! long periodic table in respect to th
solutes and following the element numbers of the solv
elements. The solubility results obtained in mixed solve
are collected together with the dominant solvent compon
J. Phys. Chem. Ref. Data, Vol. 30, No. 4, 2001
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those for the K–Na alloy as solvent are included in the s
tion where K is the solvent. In this way the present volum
complements the previous volumes 63 and 64 of the Solu
ity Data Series which are devoted toMetals in Liquid Alkali
Metals.3

Solubility data of nonmetallic substances in liquid alka
metals are widely spread over journals, conference proce
ings and reports of several organizations in France, Germ
Japan, the UK and the US and unique literature which
appeared only in the Russian language. The first publicat
concerned with systems of alkali metals with nonmetals
peared in the first year of the twentieth century; and for t
volume, the literature is covered inclusively up to 1999.

The majority solubility data in this volume is concerne
with nonmetallic solids in liquid alkali metals since the ga
eous elements as H, O, F, Cl, Br form stable compounds w
the alkali metals, and such compounds act as solutes u
equilibrium conditions. Only N in liquid Na, K, Rb, Cs i
probably dissolved as N2 whereas N in Li forms stable Li3N.
In the determinations gas solubilities in liquid alkali meta
no detailed pressure influences on the solubilities were inv
tigated. There are several solubility measurements for no
gases in Li, Na, and K where pressure was one of variab
and in these cases, the editors recalculated the solubilitie
mol % at the standard pressure of 0.101 MPa. For a deta
discussion on other units used for gas solubilities, the rea
can consult the Introduction toThe Solubility of Gases in
Liquids published in earlier volumes of the Solubility Da
Series.4

Chemical Abstracts, Nuclear Science Abstracts and At
Index were used as reference sources for solubility data.
key word solubility was not sufficient to extract complet
solubility information from the corresponding literatur
Therefore, entries related to this subject were also inspec
The completeness of our investigation of the abstracts
confirmed and extended by studying several reviews dea
with the solution chemistry of substances in the alk
metals.1,2 Since none of the mentioned reviews were su
ciently complete, we decided to collect and assess all exp
mental results available. If not otherwise stated, the D
Sheets were prepared directly from the original papers. A
secondary sources were used only sporadically, if origi
reports or thesis were not accessible, and this is alw
clearly indicated on the data sheets.

Solubility data are sometimes measured under parame
which are not standard conditions of such measureme
Measurements are performed under constrained pres
since the vapor pressures of the heavier alkali metals
some of the solutes are high at elevated temperatures.
solubility of noble gases or other gases, which do not fo
compounds with the alkali metals, depends on the gas p
sures. This dependency is documented in the data shee

Schematic phase diagrams are presented in system
which they assist the understanding of the data and the
clusions. They are based on the most recent state
knowledge5 and generally presented in the Critical Evalu
tions. Some solubility diagrams are presented in form of
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solubility versus reciprocal temperature functions. These
ures illustrate the larger scatter of data for systems in wh
interfering reactions cause unstable behavior of solutions

Compositions of equilibrium solid phases were not d
cussed in detail in this volume in order to avoid a repetit
of the discussions in Refs. 5 and 6. While several solutes
well defined substances, other systems need still additi
studies to define the equilibrium solid state compound. S
eral nonmetallic solutes may react with the solvent metal
the container material to form ternary compounds, which
fluence the solubility of the nonmetal in the alkali metal. O
should realize that estimations of the stoichiometry and th
mal stability of such ternary compounds are experiment
difficult, and their results are often uncertain. Thus, the p
sentation of the corresponding ternary phase diagrams se
to be premature in such cases.

Data Sheets contain all liquidus data extracted from in
vidual publications. However, the evaluators generally
lected the values of the solubility in the Critical Evaluation
Further recommended liquidus data may either be taken f
the phase diagrams or by analyzing the corresponding D
Sheets.

Quite frequently, important solubility data are only r
ported graphically. From these important publications,
solubility data were determined ‘‘visually’’ by the compiler
The precision of this procedure is indicated in the data sh
under Estimated Error. Evaluated solubility data are ta
lated at the end of the Critical Evaluations: if there is agr
ment of at least two independent studies within the exp
mental error, the solubility values are assigned to
‘‘recommended’’ category. Values are assigned as ‘‘ten
tive,’’ if only one reliable result was reported, or if the mea
value of two or more reliable studies was outside the e
limits. In the tabulation, three, two, or one significant figur
are assigned for respective precisions that are better
61% and610% and worse than610%.
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2. Introduction to the Solubility Data Series
Solubility of Solids in Liquids

2.1. The Nature of the Project

The Solubility Data project~SDP! has as its aim a com
prehensive review of published data for solubilities of gas
liquids and solids in liquids or solids. Data of suitable pre
sion are compiled for each publication on data sheets i
uniform format. The data for each system are evaluated a
where data from independent sources agree sufficiently,
ommended values are proposed. The evaluation sheets,
ommended values, and compiled data sheets are publi
on consecutive pages.

2.2. Compilations and Evaluations

The formats for the compilations and critical evaluatio
have been standardized for all volumes. A description
these formats follows.

2.2.1. Compilations

The format used for the compilations is, for the most pa
self-explanatory. Normally, a compilation sheet is divid
into boxes, with detailed contents described below.

Components

Each component is listed according to IUPAC name, f
mula, and Chemical Abstracts~CA! Registry Number. The
Chemical Abstracts name is also included if this differs fro
the IUPAC name, as are trivial names if appropriate. IUPA
and common names are cross-referenced to Chemical
stracts names in the System Index.

The formula is given either in terms of the IUPAC or Hil1

system and the choice of formula is governed by wha
usual for most current users: i.e., IUPAC for inorganic co
pounds, and Hill system for organic compounds. Com
nents are ordered on a given compilation sheet according

~a! saturating components;
~b! nonsaturating components according to chemi

families; within carbon compounds, according to increas
carbon number;
J. Phys. Chem. Ref. Data, Vol. 30, No. 4, 2001
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840840 H. U. BORGSTEDT AND C. GUMINSKI
~c! solvents according to chemical families; within carb
compounds, according to increasing carbon number.

In each class, ordering follows the 18-column IUPAC pe
odic table. The same order is followed in arranging the co
pilation sheets within a given volume.

Original Measurements

References are abbreviated in the forms given by Che
cal Abstracts Service Source Index~CASSI!. Names origi-
nally in other than Roman alphabets are given as transl
ated by Chemical Abstracts. In the case of multiple entr
~for example, translations! an asterisk indicates the publica
tion used for compilation of the data.

Variables

Ranges of temperature, pressure, etc., are indicated h

Prepared by

The names of all compilers are given here.

Experimental Data

Components are described as~1!, ~2!, etc., as defined in
the ‘‘Components’’ box. Data are reported in the units us
in the original publication, with the exception that mode
names for units and quantities are used; e.g., mass pe
for weight percent; mol dm23 for molar; etc. Usually, only
one type of value~e.g., mass percent! is found in the original
paper, and the compiler has added the mole fractions f
calculations based on 1989 atomic weights2 and referenced
sources of densities, where necessary. Temperatures ar
pressed ast/°C, t/°F or T/K as in the original; if necessary
conversion toT/K are made, sometimes in the compilation
and always in the critical evaluation. However, the autho
units are expressed according to IUPAC recommendatio3

as far as possible.
Errors in calculations, fitting equations, etc., are noted,

where possible corrected. Material inserted by the comp
is identified by the word ‘‘compiler’’ or by the compiler’s
name in parentheses or in a footnote. Details of smooth
equations~with limits! are included if they are present in th
original publication and if the temperature or pressure ran
are wide enough to justify this procedure and if the comp
finds that the equations are consistent with the data.

The precision of the original data is preserved when
rived quantities are calculated, if necessary by the inclus
of one additional significant figure. In some cases, compi
note that numerical data have been obtained from publis
graphs using digitizing techniques. In these cases, the p
sion of the data can be determined by the quality of
original graph and the limitations of the digitizing techniqu

Method

The apparatus and procedure are mentioned briefly. Ab
viations used in Chemical Abstracts are often used her
J. Phys. Chem. Ref. Data, Vol. 30, No. 4, 2001
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save space, reference being made to sources of further d
if these are cited in the original paper. Several reviews
experimental methods of determining gas solubilities
given in numerous sources.4–10

Source and Purity of Materials

For each component, referred to as~1!, ~2!, etc., the fol-
lowing information~in this order and in abbreviated form! is
provided if available in the original paper: source and spe
fied method of preparation; properties; degree of purity. T
solubility is usually more sensitive to impurities in the ga
eous component than in the liquid component. However,
most important source of impurities is traces of unwan
gas dissolved in the liquid. Inadequate preliminary degass
of the absorbing liquid is probably the most often overlook
serious source of error in gas solubility measurements.

Estimated Error

If estimated errors were omitted by the original autho
and if relevant information is available, the compilers ha
attempted to estimate errors~identified by ‘‘compiler’’ or the
compiler’s name in parentheses or in a footnote! from the
internal consistency of data and type of apparatus us
Methods used by the compilers for estimating and report
errors are based on Ku and Eisenhart.11

Comments and Õor Additional Data

Compilations may include this section, in which sho
comments relevant to the general nature of the work or
ditional experimental and thermodynamic data are includ
which are judged by the compiler to be of value to the read

References

The format for these follows the format for the Origin
Measurements box, except that final page numbers are o
ted. References~usually cited in the original paper! are given
where relevant to interpretation of the compiled data,
where cross-reference can be made to other compilation

2.2.2. Evaluations

The evaluator’s task is to assess the reliability and qua
of the data, to estimate errors where necessary, and to
ommend ‘‘best’’ values. The evaluation takes the form o
summary in which all the data supplied by the compiler ha
been critically reviewed. There are only three boxes on
typical evaluation sheet, and these are described below.

Components

The format is the same as on the Compilation sheets.

Evaluator

Name and affiliation of the evaluator~s!; date up to which
the literature was checked.
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Critical Evaluation

~a! Critical text. The evaluator checks that the compil
data are correct, assesses their reliability and quality, e
mates errors where necessary, and recommends nume
values based on all the published data~including theses, re-
ports and patents! for each given system. Thus, the evalua
reviews the merits or shortcomings of the various data. O
published data are considered. Documented rejection
some published data may occur at this stage, and the c
sponding compilations may be removed.

The solubilities in comparatively few systems are kno
with sufficient accuracy to enable a set of recommended
ues to be presented, either for measurements near a
spheric pressure or at high pressures. Although many
tems have been studied by at least two independent grou
workers, the range of pressures or temperatures is often
ficiently different to make meaningful comparison impo
sible.

Occasionally, it is not clear why two groups of worke
obtained very different but internally consistent sets of
sults at the same temperature and pressure, although
sets were obtained by reliable methods. In such cases, a
cisive assessment may not be possible. In some cases, tw
more sets of data have been classified as tentative
though the sets are mutually inconsistent.

Many high pressure solubility data have been publishe
a smoothed form. Such data are particularly difficult
evaluate, and unless specifically discussed by the authors
estimated error on such values can be regarded only a
‘‘informed guess’’.

As well, many high pressure solubility data have be
obtained in a more general study of high pressure vap
liquid equilibrium. In such cases a note is included to in
cate that additional vapor–liquid equilibrium data are giv
in the source. Since the evaluation is for the compiled dat
is possible that the solubility data are given a classificat
which is better than that which would be given for the co
plete vapor–liquid data~or vice versa!. As an example, it is
difficult to determine coexisting liquid and vapor compo
tions near the critical point of a mixture using some comm
experimental techniques which yield accurate high press
solubility data. As another example, conventional method
analysis may give results with an expected error wh
would be regarded as sufficiently small for vapor–liqu
equilibrium data but an order of magnitude too large
acceptable high pressure gas–liquid solubility.

Sometimes it is possible to judge the reliability of data
a particular gas–liquid system by testing whether the data
consistent with the behavior of homologous gases or liqu

~b! Fitting equations. If the use of a smoothing equation
justifiable the evaluator may provide an equation repres
ing the solubility as a function of the variables reported
all the compilation sheets, stating the limits within which
should be used.

~c! Graphical summary. In addition to~b! above, graphi-
cal summaries are often given.
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~d! Recommended values. Data are recommended if
results of at least two independent groups are available
they are in good agreement, and if the evaluator has no d
as to the adequacy and reliability of the applied experime
and computational procedures. Data are reported as tent
if only one set of measurements is available, or if the eva
ator considers some aspect of the computational or exp
mental method as mildly undesirable but estimated tha
should cause only minor errors. Data are considered
doubtful if the evaluator considers some aspect of the co
putational or experimental method as undesirable but
considers the data to have some value where the orde
magnitude of the solubility is needed. Data determined by
inadequate method or under ill-defined conditions are
jected. However, references to these data are included in
evaluation together with a comment by the evaluator as
the reason for their rejection.

~e! References. All pertinent references are given here,
cluding all those publications appearing in the accompany
compilation sheets and those which, by virtue of their po
precision, have been rejected and not compiled.

~f! Units. While the original data may be reported in th
units used by the investigators, the final recommended va
are reported in SI units3 when the data can be accurate
converted.

2.3. Quantities and Units Used in Compilation and
Evaluation of Solubility Data

2.3.1. Mixtures, Solutions and Solubilities

A mixture12 describes a gaseous, liquid or solid phase c
taining more than one substance, where the substances a
treated in the same way.

A solution12 describes a liquid or solid phase containin
more than one substance, when for convenience one o
substances, which is called thesolvent, and may itself be a
mixture, is treated differently than the other substanc
which are calledsolutes. If the sum of the mole fractions o
the solutes is small compared to unity, the solution is cal
a dilute solution.

The solubility of a solute 1~solid, liquid or gas! is the
analytical composition of a saturated solution, expressed
terms of the properties of the designated solute in a de
nated solvent.13

‘‘Saturated’’ implies equilibrium with respect to the pro
cesses of dissolution and vaporization; the equilibrium m
be stable or metastable. The solubility of a substance
metastable equilibrium is usually greater than that of
same substance in stable equilibrium.~Strictly speaking, it is
the activity of the substance in metastable equilibrium tha
greater.!

Either point of view, mixture or solution, may be taken
describing solubility. The two points of view find their ex
pression in the reference states used for definition of ac
ties, activity coefficients and osmotic coefficients. Note th
J. Phys. Chem. Ref. Data, Vol. 30, No. 4, 2001
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the composition of a saturated mixture~or solution! can be
described in terms of any suitable set of thermodyna
components.

For gases, the solubility is quoted, where possible, as m
fraction of the saturating gaseous component in the liq
phase at 1 bar partial pressure of gas. The distinction
tween vapor–liquid equilibria and the solubility of gases
liquids is arbitrary. It is generally accepted that the equil
rium at 300 K between a typical gas such as argon an
liquid such as water is gas–liquid solubility, whereas t
equilibrium between hexane and cyclohexane at 350 K is
example of vapor–liquid equilibrium.

2.3.2. Physicochemical Quantities and Units

Solubilities of gases have been the subject of research
a long time, and have been expressed in a great many w
as described below. In each case, specification of the t
perature and either partial or total pressure of the satura
gaseous component is necessary. The nomenclature and
follow, where possible, IUPAC Green Book.3 A few quanti-
ties follow the ISO standards14 or the German standard;15 see
a review by Cvitasˇ16 for details.

A Note on Nomenclature

In the IUPAC Green Book,3 the solute is component B an
the solvent is component A. In compilations and evaluatio
the first-named component~component 1! is the solute, and
the second~component 2 for a two-component system! is the
solvent. The reader should bear these distinctions in nom
clature in mind when comparing equations given here w
those in theGreen Book.

1. Mole fraction of substance 1,x1 or x~1! ~condensed
phases! or y1 ~gases!:

x15n1Y (
s51

c

ns ~1!

whenns is the amount of substance ofs, andc is the number
of distinct substances present~often the number of thermo
dynamic components in the system!. Mole percentof sub-
stance 1 is 100x1 .

2. Ionic mole fractionsof salt i, xi 1 , xi 2 : For a mixture
of s binary saltsi, each of which ionizes completely intovs1

cations andvs2 anions, withvs5vs11vs2 and a mixture of
p nonelectrolytesj, of which some may be solvent compo
nents, a generalization of the definition in Ref. 17 gives:

x1 i5
v1 ix1 i

11(
j 51

s

~v j21!xj

, x2 i5
v2 ix1 i

v1 i
i 51...s

~2!

xj85
xj

11(
i 51

s

~v i21!xi

, j 5~s11!...p. ~3!
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The sum of these mole fractions is unity, so that, withc5s
1p,

(
i 51

s

~x1 i1x2 i !1 (
i 5s11

c

xi851. ~4!

General conversions to other units in multicomponent s
tems are complicated. For a three-component system
taining nonelectrolyte 1, electrolyte 2, and solvent 3,

x15
v21x18

v212~v221!x21
x25

x21

v212~v221!x21
. ~5!

These relations are used in solubility equations for sa
and for tabulation of salt effects on solubilities of gases~see
below!

3. Mass fractionof substance 1,w1 or w~1!:

w15g1Y (
s51

c

gs ~6!

wheregs is the mass of substances. Mass percentof sub-
stance 1 is 100w1 . The equivalent termsweight fraction,
weight percentandg(1)/100 g solutionare no longer used.

4. Molality of solute 1 in a solvent 2,m1 :

m15n1 /n2M2 ~7!

SI base units: mol kg21. Here,M2 is the molar mass of the
solvent. The equivalent termweight solubility, Cw , is no
longer used.

5. Amount concentrationof solute 1 in a solution of vol-
umeV, c1 :

c15@ formula of solute#5n1 /V ~8!

SI base units: mol m23. The symbolc1 is preferred to@for-
mula of solute#, but both are used. The old termsmolarity,
molar, andmoles per unit volumeare no longer used.

6. Mass concentrationof solute 1 in a solution of volume
V, r1 or g1 :

r15g1 /V ~9!

SI base units: kg m23.
7. Mole ratio, r A,B ~dimensionless!15

r A,B5n1 /n2 . ~10!

Mass ratio, symbolzA,B , may be defined analogously15

8. Ionic strength, I m ~molality basis!, or I c ~concentration
basis!:

I m5
1

2 (
i

mizi
2, I c5

1

2 (
i

cizi
2 ~11!

wherezi is the charge number of ion i. While these quantiti
are not used generally to express solubilities, they are use
express the compositions of nonsaturating components. F
single salt i with ions of chargesz1 ,z2 ,

I m5uz1z2uvmi , I c5uz1z2uvci . ~12!

Mole and mass fractions are appropriate to either the m
ture or the solution point of view. The other quantities a
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TABLE 1. Interconversions between quantities used as measures of solubilitiesc-component systems containingc-1 solutesi and single solventc ~r—density
of solution;Mi—molar masses ofi. For relations for two-component systems, set summations to 0.!

xi wi mi ci

xi5 xi

1

11
Mi

Mc
H 1

wi
211 (

jÞ1

c21 SMc

Mj
21D wj

wi
J

1

11
1

miMc
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jÞi

c21
mj

mi
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11
1

Mc
Sr
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jÞi

c21
cj
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appropriate to the solution point of view only. Conversio
between some pairs of these quantities can be carried
using the equations given in Table 1 at the end of this In
duction. Other useful quantities will be defined in the pr
aces to individual volumes or on specific data sheets.

In addition to these well-defined SI-based units, oth
units have been used to express the solubilities of ga
Units and nomenclature follow,4,5,7,18as modified by IUPAC
recommendations.3 The equations describing Bunse
Kuenen, Ostwald and absorption coefficients, as well as H
ry’s law constants, hold for ideal gases and perfect soluti
only. Corrections for nonideality should be made where p
sible. The corrections are less than 1% for most gases
atmospheric pressure.5

In much published data, the reference pressure is 1
50.101 325 MPa rather than 1 bar50.1 MPa.

9. Bunsen coefficienta ~dimensionless!: The volume of
saturating gas,V1 , reduced toT°5273.15 K, p°51 bar,
which is absorbed by unit volumeV2* of pure solvent at the
temperature of measurement and partial pressurep°51 bar.
If the gas is ideal, Henry’s law~see below! holds, and the
liquid is incompressible, then

a5
V1

°

V2*
5S V1

V2*
D S T°

T D . ~13!

10. Kuenen coefficient, S:
The volume of saturating gas,V(g), reduced to

T°5273.15 K,p°51 bar, which is dissolved by unit mass o
pure solvent at the temperature of measurement and pa
pressure 1 bar. Thus,

S5
V1T°

g2T
5

aVm,2

M2
~14!
ut
-

-

r
s.

n-
s
-
ar

tm

ial

SI base units: m3 kg21. Here,M2 is the molar mass of the
solvent. The Kuenen coefficient is proportional to the mo
lity of the dissolved gas.

11. Ostwald coefficient, L ~dimensionless!:18 The volume
of saturating gas,V1 , absorbed by a volumeV2* of pure
solvent at the temperature and pressure of the measurem
Thus,

L5
V1

V2*
5S aT

T° D S p°

p D . ~15!

The Ostwald coefficient is equal to the ratio of the amou
concentrations in the gas and in the liquid.

12. Absorption coefficient, b ~dimensionless!: The most
common of several definitions of absorption coefficient is
volume of gas, reduced toT°5273.15 K,p°51 bar absorbed
per unit volume of pure solvent at a total pressure of 1 b
The absorption and Bunsen coefficients are therefore v
similar, and are connected by

b5a~12p2 /p° ! ~16!

wherep2 is the partial pressure of the vapor of the solven
13. Henry’s Law constant, kH:

KH5 lim
x1→0

~p1 /x1! ~17!

SI base units: Pa. Unfortunately, the definition is used of
at finite mole fractions, even though this is a limiting la
The following have also been defined as Henry’s Law co
stants:

K25p1 /c1

and

Kc5c1
g/c1 ~18!
J. Phys. Chem. Ref. Data, Vol. 30, No. 4, 2001
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where superscriptg refers to the gas phase.K2 has SI base
units: Pa m3mol21, and Kc is dimensionless. The Henry’
law constant has also been called the Henry coefficient
the Henry constant. Henry’s law can be used, with great c
tion, to convert data from the experimental pressure to 1
if the mole fraction of the gas in the liquid is small, and t
difference in pressures is small.

The relations between the mole fraction solubility and
various quantities given above are as follows. Note ag
that these relations hold for ideal gaseous and perfect s
tion phases only.

x15
1

11
RT°

p
1
°Vm,2* a

5
1

11
RT°

p
1
°M2S

5
1

11
RT°

p
1
°Vm,2* L

5
1

11
RT°

p°Vm,2* b

. ~19!

14. Salt Effects on the Solubility of Gases:19 These are
often reported as Sechenov~Setchenow, Setschenow! salt ef-
fect parametersksyz, which are defined in various ways. Th
general semi-empirical Sechenov equation is

log~z
1
°/z1!5ksyzy ~20!

where solubility is expressed in quantitiesz, with superscript
o designating pure solvent, and salt composition is expres
in quantitiesy. The quantitiesc2 , m2 , x28 , I m andI c are used
for y, and the quantitiesc1 , m1 , x11 , a,SandL for z, giving
30 definitions ofksyz. Here, components 1 and 2 are t
gaseous solute and electrolyte, respectively. The ratiosz
values are the same forz5c1 , a and L and for m1 and S,
respectively, leaving 15 distinct definitions. Ifz is the same,
the definitions ofksyz are related simply through ten equ
tions between pairs ofc1 , m2 , x2* , I m and I c . Some rela-
tions among the definitions, in terms ofkscc, ksmmandksxx,
are:

kscc5ksca5kscL5
m2

c2
ksmc5

x28
c2

ksxc5
I c

c2
ksIcc

ksmm5
x28
m2

ksxm5ksmS5
c2

m2
kscm5

I m

m2
ksImm ~21!

ksxx5
c2

x28
kscx5

m2

x28
ksmx5

I m

x28
ksImx5

I c

x28
ksIcx .

These relations hold when a single salt is present; note
the relations between ionic strength and either molality
concentration are simple. If more than one salt is present
ionic strength is the only practical quantity to be used fory.

Conversions between pairs ofkscc, ksmm and ksxx are
more complicated and can be found using Eq.~5! and Table
1 at the end of this Introduction. For example,

ksxx5 f ~m!S ksmm

v21
1

1

m2
log

f ~m!

f ~m° ! D ~22!
J. Phys. Chem. Ref. Data, Vol. 30, No. 4, 2001
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where

f ~m!511~m11v2m2!M3 , f ~m° !511m
1
°M3 .

~23!

Errors in the salt effect parameters, as defined above,
be large. If the relative standard deviation in measuremen
solubility is s(c1)/c1 , then the relative standard deviation
kscc is

s~kscc!

kscc
5

A2

c2kscc ln 10

s~c1!

c1
. ~24!

For example, for kscc50.1 and c250.01 mol dm23,
s(kscc)/kscc is 30% when s(c1)/c150.05% and 1200%
whens(c1)/c152%. At c251 mol dm23, the corresponding
errors are 0.3 and 12%, respectively.

If the solubility of a gas is greater than aboutx50.01 at
partial pressure 1 bar, then several other factors mus
taken into account, such as the density of the solution or
partial molar volume of the dissolved gas. In addition, c
rections should be made for nonideality of the gas. See R
18 for details.

In addition, the following definitions concerning densi
are useful in conversions between concentrations and o
quantities.

15. Density, r or g:

r5g/V ~25!

SI base units: kg m23. Hereg is the total mass of the system
16. Relative density, d5r/r°: the ratio of the density of a

mixture at temperaturet, pressurep to the density of a ref-
erence substance at temperaturet8, pressurep8. For liquid
solutions, the reference substance is often water at 4 °C
bar. ~In some cases 1 atm is used instead of 1 bar.! The term
specific gravityin no longer used.

Thermodynamics of Solubility „Ref. 20…

Thermodynamic analysis of solubility phenomena p
vides a rational basis for the construction of functions
represent solubility data, and thus aids in evaluation,
sometimes enables thermodynamic quantities to be extrac
Both these aims are often difficult to achieve because o
lack of experimental or theoretical activity coefficient
Where thermodynamic quantities can be found, they are
evaluated critically, since this task would involve examin
tion of a large body of data that is not directly relevant
solubility. Where possible, procedures for evaluation
based on established thermodynamic methods. Specific
cedures used in a particular volume will be described in
Preface to that volume.

Only one thermodynamic result is mentioned here:
temperature dependence of solubility. Sometimes it is p
sible to fit the mole fraction solubility at various temper
tures using the equation

ln x15A1B~K/T!1C ln~T/K!1D~T/K! ~26!
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whereA, B, C and D are constants to be determined fro
least-squares fitting of the data. Sometimes, to avoid sing
matrices of the least-squares normal equations,T is scaled;
e.g.,T is replaced byT/100.

If the gas and the solution of the dissolved gas are id
the coefficients can be used to find standard thermodyna
functions for transfer of the gas from the vapor to the liqu
phase at the standard pressure~1 bar! and infinitely dilute
dissolved gas, as follows:

DG
m,1
° M3 /R52A~T/K!2B2C~T/K!ln~T/K!2D~T/K!2

~27!

DS
m,1
° /R5A1C ln~T/K!1C12D~T/K! ~28!

DH
m,1
° M3 /R52B1C~T/K!1D~T/K!2 ~29!

DC
m,p
° M3 /R5C12D~T/K!. ~30!

Alternatively ~but equivalently!, the standard state of infi
nitely dilute dissolved gas can be described as a hypothe
ideal dissolved gas at mole fractionx151, p51 bar.
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äf

e,
A

ka
d.

W
is

se
ns

ch
.

D
D

R
R

ep
.

Z
fK

-4
89

,
p.

94~1
98

2!
.

H
.

N
äf
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8. System Index

Argon 1023-1024, 1034, 1109, 113
Arsenic 888, 952, 1041, 1090-1091, 111
Astatine 907
Barium 886, 948-949
Boron 866-867, 926, 1035, 1085,1111
Bromine 905, 1009-1013, 1076-1077, 1105, 11
Calcium 886, 950
Carbon 867-870, 927-939, 1035-1036, 1086, 1112- 1
Cesium 901, 907, 908, 1102, 1109-113
Cesium amide 1116
Cesium hydroxide 1122-1123
Chlorine 902-905, 1003-1009, 1071-1075, 1104, 1131- 1
Deuterium 858-864, 925, 1034, 1085, 110
Dilithium cyanamide 871-872
Fluorine 901-902, 1002-1003, 1069-1070, 1103, 1130- 1
Germanium 878-880, 941-943, 1037-1038, 1087-1088, 1114- 1
Helium 907-908, 1020-1022, 1080-1083, 1109, 11
Hydrogen 846-859, 863, 909-925, 985, 10268-1034, 1085, 1109-1111
Iodine 915-907, 1013, 1019, 1077-1082, 1106-1108, 1134-1
Krypton 1025-1026, 1083, 1109, 113
Lithium 846-908, 939, 950, 1031
Lithium silicon nitride 877
Neon 1023, 1083, 1109, 1137
Nitrogen 881-887, 944-945, 948-951, 1039-1040, 1089, 1
Oxygen 888-893, 952-976, 1042-1056, 1091-1094, 1117- 1
Phosphorus 887, 951, 1040, 1089, 111
Polonium 901, 1001, 1102
Potassium 901, 907, 908, 1028-1030, 1034-1039, 1040-1048, 1057-1058, 1060-1082, 108
Potassium hydroxide 1057-1059
Potassium sodium alloy 1034, 1049-1051, 1055-0156, 1
Potassium sodium alloy – K65Na35 1052
Potassium sodium alloy – K20Na80 1052
Potassium sodium eutectic – K68Na32 1030-1033, 1039-1040, 1051, 1053-1055, 1056, 10
Radon 908, 1028, 1083, 1109, 113
Rubidium 901, 907, 908, 1085-1109
Rubidium hydroxide 1095
Selenium 897-898, 994-996, 1065-1067, 1099-1100, 1125- 1
Silicon 872-877, 939-941, 1037, 1086, 111
Sodium 887, 901, 907, 908, 909-1028, 1074-10
Sodium carbonate 982-985
Sodium cyanide 945-947
Sodium hydroxide 976-982
Strontium 886, 951
Sulfur 894-897, 985-994, 1060-1064, 1096-1098, 1123- 1
Tellurium 899-901, 997-1001, 1067-1069, 1101-1102, 1127- 1
Tritium 863-864, 925, 1034, 1085, 110
Xenon 908, 1023, 1025-1028, 1083, 1109, 11

9. Registry Number Index

@143-33-9# Sodium cyanide 945-947
@497-19-8# Sodium carbonate 982-98
@1310-58-3# Potassium hydroxide 1057-105
@1310-73-2# Sodium hydroxide 976-982
@1310-82-3# Rubidium hydroxide 1095
J. Phys. Chem. Ref. Data, Vol. 30, No. 4, 2001
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@1333-74-0# Hydrogen 846-859, 863, 909-925, 985, 10268-1034, 1085, 1109-1111
@7439-90-9# Krypton 1025-1026, 1083, 1109, 113
@7439-93-2# Lithium 846-908, 939, 950, 1031
@7440-01-9# Neon 1023, 1083, 1109, 113
@7440-08-6# Polonium 901, 1001, 1102
@7440-09-7# Potassium 901, 907, 908, 1028-1030, 1034-1039, 1040-1048, 1057-1058, 1060-1082, 108
@7440-17-7# Rubidium 901, 907, 908, 1085-110
@7440-21-3# Silicon 872-877, 939-941, 1037, 1086, 111
@7440-23-5# Sodium 887, 901, 907, 908, 909-1028, 1074-10
@7440-24-6# Strontium 886, 951
@7440-37-1# Argon 1023-1024, 1034, 1109, 113
@7440-38-2# Arsenic 888, 952, 1041, 1090-1091, 111
@7440-39-3# Barium 886, 948-949
@7440-42-8# Boron 866-867, 926, 1035, 1085,1111
@7440-44-0# Carbon 867-870, 927-939, 1035-1036, 1086, 1112- 1
@7440-46-2# Cesium 901, 907, 908, 1102, 1109-113
@7440-56-4# Germanium 878-880, 941-943, 1037-1038, 1087-1088, 1114- 1
@7440-59-7# Helium 907-908, 1020-1022, 1080-1083, 1109, 11
@7440-63-3# Xenon 908, 1023, 1025-1028, 1083, 1109, 11
@7440-68-8# Astatine 907
@7440-70-2# Calcium 886, 950
@7553-56-2# Iodine 915-907, 1013, 1019, 1077-1082, 1106-1108, 1134-1
@7704-34-9# Sulfur 894-897, 985-994, 1060-1064, 1096-1098, 1123- 1
@7723-14-0# Phosphorus 887, 951, 1040, 1089, 11
@7726-95-6# Bromine 905, 1009-1013, 1076-1077, 1105, 11
@7727-37-9# Nitrogen 881-887, 944-945, 948-951, 1039-1040, 1089, 1
@7782-39-0# Deuterium 858-864, 925, 1034, 1085, 110
@7782-41-4# Fluorine 901-902, 1002-1003, 1069-1070, 1103, 1130- 1
@7782-44-7# Oxygen 888-893, 952-976, 1042-1056, 1091-1094, 1117- 1
@7782-49-2# Selenium 897-898, 994-996, 1065-1067, 1099-1100, 1125- 1
@7782-50-5# Chlorine 902-905, 1003-1009, 1071-1075, 1104, 1131- 1
@10043-92-2# Radon 908, 1028, 1083, 1109, 113
@11147-16-3# K68Na32 1030-1033, 1039-1040, 1051, 1053-1055, 1056, 10
@12028-17-8# Tritium 863-864, 925, 1034, 1085, 110
@13494-80-9# Tellurium 899-901, 997-1001, 1067-1069, 1101-1102, 1127- 1
@21351-79-1# Cesium hydroxide 1122-1123
@22205-57-8# Cesium amide 1116
@51677-22-6# Dilithium cyanamide 871-872
@67181-65-1# Lithium silicon nitride 877

10. Author Index

Abas-Zade, A. K. 848, 868-869, 881, 887, 889, 892, 910, 916, 944, 1023, 1029, 1033
Abegg, R. 1077-1078
Ackerman, J.P. 928, 935-936,
Ackermann, H. 878
Adaev, E.I. 1003-1004, 1007
Adams, R. M. 928, 931
Adams, P.F. 846-847, 852-853, 858-860, 866, 868, 881-882, 884, 888-889, 910, 1029
Adamson, M.G. 1127-1128, 1129
Adaway, D.W. 910, 917
Addison, C.C. 866, 871, 881-882, 885, 909-910, 914, 921, 926- 928, 930, 943-944, 948-951, 1035, 104
Adelhelm, C 1043, 1046-1047
Ainsley, R. 927-928, 937, 946, 982-984
Alabyshev, A. F. 1071-1072
Alcock, C. B. 954, 968
Alekseev, V. V. 928, 938
J. Phys. Chem. Ref. Data, Vol. 30, No. 4, 2001
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Aleksandrov, B. N. 941-942, 1037-1038, 1067-10
Allan, C.G. 1003-1104, 1009-1010, 1012-1014, 10
Allard, B. 928
Allen, J. 928, 954
Allen, J. W. 936
Anderson, K. 847-849, 873, 944
Anderson, K.E. 944-946
Anderson, W.J. 927-929
Andreev, P. A. 954
Andrews, R.C. 927-928, 930, 953, 962
Andrianova, V. G. 848, 854
Anonymous 928, 931, 953-954, 966
Ansara, I. 873
Arakawa, T. 1014, 1018-1019
Armand, M. 868
Arnoldov, M.N. 848, 867-869, 881, 887, 888-889, 891-892, 910, 913, 915, 928, 944, 953, 964, 977, 1020

1039-1030, 1032-1033, 1035, 1039-1040, 1042-1043, 1054, 1082-1084, 1109
1118, 1120

Aronson, S. 1035-1036, 1086, 1112
Astley, E. R. 926
Atsumo, H. 954, 972
Auerbach, C. 954
Avdeev, V. V. 867-868
Badalov, A. 1029
Bader, B. 878
Bagdasarov, Yu. E. 952, 954, 964, 977, 979
Bagley, K.Q. 953, 956, 1042-1043, 1049
Baitinger, M. 940, 942, 1037-1038, 1086-1087, 11
Bakum, S. J. 910, 1029, 1085, 1110
Bannykh, Z.S. 953, 958, 976-978, 1043, 105
Bansal, N. P. 903, 1003-1004, 1009-1110, 1013-1014, 1071- 1072, 1076, 1104
Banus, M. D. 909-910
Barker, D. F. 928
Barker, K.R. 953, 962, 1042-1043
Bartholme, L.G. 908, 917-919
Beckmann, E. 1077-1079
Begun, G.M. 847, 856, 859, 862, 864
Beisswenger, H. 953, 964
Bele, M. 866
Belin C. 866
Bell, J. T. 847, 856, 859, 862
Bell, R. L. 1117-1118
Bellafiore, D. 1036, 1086, 1112
Belomestnykh, V. N. 944, 1039, 1089, 1115
Belozerskii, N.A. 1003-1005, 1071-1072
Belyaev, A. I. 928
Benejat, J. C. 940
Bennet, D.W. 954, 967
Berardinelli, S. P. 1117-1118
Berdichevskii, N.I. 1057, 1059, 1071-1072, 107
Berge, P. 952, 970
Bergmann, A. 1096, 1099, 1101, 1123-1126, 1127-11
Bergstresser, K.S. 954, 962
Berkey, E. 954, 970-971
Berthold, H.J. 985-986, 989, 1060, 1062, 1098, 11
Beskorovainyi, N. M. 887, 894
Bhat, N.P. 909-910, 923, 1043, 1047, 105
J. Phys. Chem. Ref. Data, Vol. 30, No. 4, 2001



4

3, 1014,
3

0

3

19

9-1073,
136

4, 1136

0-1027

93

14

11411141IUPAC-NIST SOLUBILITY DATA SERIES
Biery, J. C. 954
Bikina, G.V. 985-986, 992
Billaud, D. 867-868
Billuris, G. 959
Biltz, W. 1096-1097, 1123-1124
Birault, J. 909-910, 914
Bjork, R. G. 868, 928, 945-946, 983
Blake L.R. 954, 1043, 1052
Blander, M. 847, 852, 861, 1002, 1010, 101
Blumenthal, M. 1043, 1117-1118
Blomquist, R.A. 1023, 1025-1026
BWhm, H. 872-874
Bogard, A. D. 953, 960, 977, 979, 983
Bogdanov, Yu.V. 1110
Bolle, U. 942, 1038, 1087, 1114
Bolshakov, K.A. 881-882
Bolshakova, G.A. 951-952, 1126
Bonnetain, L. 928
Borgstedt, H.U. 847, 859, 867-868, 882, 886, 888-889,909-911, 923, 926-928, 944, 953-954, 968-969, 98

1017-1019, 1040-1043, 1046-1048, 111
Borocco, A. 925, 1034, 1085, 1109-111
Bottcher, P. 986, 1096
Bouaziz, R. 953-954
Bowman, F.E. 928, 953-954, 957
Brabers, M. 847, 882, 889, 910, 928, 95
Braga, M. H. 873
Brachet, A. 910, 914
Brauer, G. 951-952, 992, 1041, 1068, 1117-11
Braunbeck, H. G. 1125-1126
Bredig, M.A. 847, 902-903, 905-906, 1003-1004, 1006-1007, 1009-1011, 1013-1015, 1060, 1063, 106

1076-1078, 1081, 1103-1106, 1108, 1130-1132, 1134, 1
Brewer, L. 889
Briggs, T.R. 1013-1014, 1077-1078, 1080, 11-6511-7, 1134- 1135
Bright, N. F. H. 889
Bronstein, H.R. 902-903, 906, 1004, 1007, 1009-1011, 1013- 1015, 1069-1070, 1072-1073, 1130-1132, 113
Bruggeman, W. H. 954, 959
Brush, E. G. 939-940, 954
Brynestad, J. 899
Bukovec, N. 867
Bukovec, P. 867
Bunzel, E. G. 953-954
Bushmanov, V.D. 1090
Bussey, P.R. 944, 951
Byker, H. J. 1042-1043
Bykova, M.A. 986, 989
Bykovetz, N. 928
Cadenbach, G. 928, 1036, 1086, 1112
Cafasso, F.A. 852, 864, 909-910, 927-928, 931, 933, 936, 944- 947, 954, 968, 976-977, 102
Caillet, M. 1091-1093
Cairns, E. J. 852, 864, 894-895, 898-900
Calaway, W.F. 859, 864, 868, 870-871, 882, 886, 889, 8
Calkins, V.P. 873
Calway, W. F. 847, 857
Cambillard, E. 910, 914
Caplinger, W.H. 954, 967
Carmichael, H.T. 982-984
Carillo-Cabrera, W. 940, 943, 1037-1038, 1084-1087, 11
J. Phys. Chem. Ref. Data, Vol. 30, No. 4, 2001



3

082

-1129

4

1
34

114

36

1116

68

11421142 H. U. BORGSTEDT AND C. GUMINSKI
Carter, R.L. 928, 953, 957
Cashman, T.J. 953, 955
Castleman, A.W. 941-942
Casteels, F. 847, 882, 889, 910, 928, 95
Caswell, N. 1112
Centnerszwer, M. 1043, 1117-1118
Chabre, Y. 868
Cheburkov, V.I. 882, 888-890
Chebykin, V.V. 1004, 1009, 1010, 1013, 1014, 1017, 1078, 1
Chekov, N. G. 894
Chernick, C.L. 954, 963
Childs, W. J. 866
Chinn, J. W. 868
Chlopin, V. G. 901, 1001
Chuntonov, K.A. 1067-1069, 1086-1088, 1090, 1096, 1098-1102, 1114-1115, 1126
Chye, P. 1118
Cichy, M. A. 928
Clarke, R. 1112
Claxton, K. T. 9502-953, 955, 961
Cleary, R.E. 907-908, 1082
Cleaver, B. 893, 897, 985-986, 991, 99
Clough, W.S. 928, 1007-1011, 1112
Clusius, K. 1039, 1089, 1115
Cocks, G. G. 960
Colburn, R. P. 1112
Coleman, D. S. 985-986
Collins, G. D. 910
Compere, E.L. 910, 1029, 1031-1032
Cordfunke, E.H.P. 1014, 1127-1128, 1130
Coron, J. 910, 914
Cosgarea, A. 928, 931
Cottrell, W.B. 954-955, 1043, 1049
Courtois, G. 986
Coustel, N. 868
Creffield, G.K. 881-882, 921, 943-944, 948-95
Crenshaw, J. L. 909-910, 925, 1028-1029, 10
Crepy, G. 866
Crever, F. E. 954
Cros, C. 926, 940, 942, 1035, 1037-1038, 1086-1087, 1113-1
Crosbie, G.M. 1060, 1063
Crouthamel, C. E. 845, 900, 903
Cubicciotti, D. 954, 1077-1078, 1081, 1106, 1134, 11
Cunningham, P.T. 894-895, 897-900
Curda, J. 942, 1038, 1087, 1114
Czerwiinski, J. 1003-1004, 1071-1072
Dadd, A. T. 847-848, 852, 859, 868, 871-873, 877-878, 880, 882, 889,
Dafert, F. W. 882
Dallek, S. 866
Dalakova, N. V. 941-942, 1037, 1038, 1067-10
Damon, E.B. 847, 850-851
Danilkin, V.I. 910, 920, 1085, 1110
Davies, A.J. 985-986, 991
Davies, B.M. 882, 950
Davies, R. 928
Davies, R.A. 909-910, 917
deBoer, R. 1127, 1130
De Gilbert, A. 866
J. Phys. Chem. Ref. Data, Vol. 30, No. 4, 2001



20
7

029

4
4

10

10

27
82

0
125

07

11431143IUPAC-NIST SOLUBILITY DATA SERIES
de la Torre Cabezas, M. 954, 973
Demidov, A. J. 894
Desyatkina, E. A. 1120
DeVan, J.H. 889, 892
Dever, J. L. 902
DeVries, L. E. 866
DeVries, P. F. 954
Dhar, S.K. 1020-1-26
Djurado, D. 868
Dmitreva, I.B. 891, 954, 964, 1043, 1053, 1117, 11
Dorn, F.W. 1040-1041, 1089-1090, 1114-111
Dorner, S. 953, 964-965
Douglas, T. B. 902
Down, M.G. 847, 852, 859-860, 868, 871-872, 882, 884, 910, 944, 1
Draley, J. E. 954, 966-967, 969, 977
Drits, M.E. 878, 941-943, 1038, 1087-1088, 111
Droher, J. J. 1020, 1022, 1024, 1082, 108
Drummond, J.L. 910, 914, 917, 983
Dullenkopf, W. 951-952
Dumas, D.
Durigon, D.D. 954, 971
Dutina, D. 945-947
Dworkin, A.S. 902-903, 905, 1060, 1063
Dymova, T. N. 909-910, 1028-1029, 1085, 1109-11
Eames, A.R. 954, 961, 1043, 1052
Earnshaw, A. 946
Eaton, J.L. 1014, 1135
Ehlert, T. C. 1042-1043
Eichelberger, R.L. 928, 932, 935, 952-953
El-Genk, M. S. 954, 1043, 1056
Eliezer, J. 1042-1043
Ellenson, W. D. 1086
Elson, R. E. 847
Emelyanov, V.P. 889, 891, 903-904
Endo, H. 1099-1100
Ephraim, F. 909-910, 1028-1029, 1085, 1109-11
Epstein, L. F. 953-954, 957, 1020
Ernst, D. W. 866
Evans, J. W. 954
Evers, J. 872-873
Feder, H.M. 928, 931, 933, 944-946, 1020-10
Fedorov, P.I. 867-869, 872-873, 875, 878, 880-8
Fedorov, V.M. 1102, 1125-1129
Fedorovich, E. D. 954
Fefelova, G.F. 953, 958, 976-978, 1043, 105
Feher, F. 985-986, 989, 1060, 1062, 1096, 1098, 1123- 1
Ferguson, W. S. 905
Fialkov, J.A or Ya. A. . 1014, 1077-1078, 1080, 1106-11
Fidler, R.S. 909-910, 953, 975, 977
Finogenova, V.K. 997-999
Firsonova, L. A. 928
Fischer, A.K. 928, 945-947, 950
Fischer, J. E. 868, 928
Fisher, J. E. 1086
Flandrois, S. 868
Fleischer, B. 954, 1043, 1053
Fleshman, W.S. 873
J. Phys. Chem. Ref. Data, Vol. 30, No. 4, 2001



2
043

9

73

35

10

983
7

051

4

22

11441144 H. U. BORGSTEDT AND C. GUMINSKI
Flood, E. A. 889
Flotow, H. E. 882, 928, 935
Flynn, C. P. 1083, 1109, 1137
Foster, M.S. 899-900
France, E. D. 914, 983
Franck, E.U. 848, 909-911, 923, 1110-1111
Fredenhagen, K. 928, 1035-1036, 1086, 111
Frees, G. 882, 886, 911, 926, 1014, 1017-1019, 1
Freilander, P. 878
Freyland, W. 1071-1072, 1075
Fridman, A. S. 943, 1038
Friedrich, K. 985-986
Fromm, E. 847, 859, 863-864, 910, 1028-102
Fukase, S. 1020
Fuller, C. S. 872-873, 878
Funada, T. 909-910, 922
Furukawa, K. 847, 863, 900-910, 919, 954, 9
Ganesan, V. 1042-1043, 1046-1047
Garbade, K. 1071-1072, 1075
Gavrilov, P. I. 866, 926, 1035
Geertsma, W. 878
Gehri, D.C. 927-928, 932, 935, 953
Geigle, W.F. 1014, 1077-1078, 1080, 1107, 11
Gerasimenko, L.N. 986, 989
Getzschmann, J. 986, 1096
Gibb, T.R.P. 846-847, 849, 909-910, 1085, 11
Gilbert, T. W. 883
Glass, S.W. 997-998
Glassner, A. 928, 931, 954, 973
Gnanamorphy, J. B. 953
Gnanasekaran, T. 910, 928, 944, 954, 976-977,
Gnutzmann, G. 1040, 1089-1090, 1116-111
Goodall, D. J. H. 859
Goode, J. M. 901, 1001
Gordus, A.A. 910, 915
Goubeau, J. 951-952
Grand, J.A. 910, 912, 953, 960, 977, 983, 1004, 1043-1044, 1
Grandstaff, S. M. 997-998
Gratton, J.G. 927-929, 1021
Gray, I.L. 953, 958-959
Greenwood, N. N. 946
Greer, J. 1112-1113
Gregory, P. E. 1118
Grieser, D. R. 952-953, 960
Grin, Y. 940, 942, 1037-1038, 1086-1087, 111
Grob, W. 1133
Grot, L.S. 1057-1058
Guernsey, E. W. 944
Grundy, B.R. 939-940, 954, 970-971, 1020, 10
Grunewald, A.L. 873
Guminski, C. 882, 1043, 1048
Guerard, D. 868, 1086
Gunji, M. 954, 1043, 1045
Guon, J. 928, 932, 935, 953
Gupta, N.K. 985-986, 990
Gurak, J. A. 868
Gurinsky, D. H. 954, 966
J. Phys. Chem. Ref. Data, Vol. 30, No. 4, 2001



10
114

9

112

64

3

3
8
34

3
114

16

11451145IUPAC-NIST SOLUBILITY DATA SERIES
Hackspill, L. 925, 1034, 1071-1072, 1085, 1093, 1109- 11
Hagenmuller, P. 940-942, 1035, 1037-1038, 1086-1087, 1113- 1
Haley, M. J. 871
Hall, E. H. 953, 960
Halsey, G.D. 909-910, 913, 925
Hamburger, A. 1077-1078
Hamer, A.N. 953, 969
Hames, M. D. 986, 991
Hara, H. 1014, 1018-1019
Hargreaves 911
Harper, A. 847-848, 852, 868, 871, 884, 88
Hartlib, L.P. 928, 937, 946, 983-984
Hautefeuille, P. 909-910, 1028-1029
Hayward, B.R. 928, 953, 957
Heal, M. 985-986
Heitjans, P. 878
Heinemann, F. 942, 1038, 1087, 1114
Heinrich, R. R. 847, 903
Henry, F. X.. 868
Henry, J.-L. 953-954, 976-977
Henry, W. M. 960
Herald, R. H. 882-883, 1092
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3 M. Salomon,Silver Azide, Cyanide, Cyanamides, Cyanate, Selenocyanate and Thiocyanate
4 H. L. Clever,Argon
5/6 C. L. Young,Hydrogen and Deuterium
7 R. Battino,Oxygen and Ozone
8 C. L. Young,Oxides of Nitrogen
9 W. Hayduk,Ethane
10 R. Battino,Nitrogen and Air
11 B. Scrosati and C. A. Vincent,Alkali Metal, Alkaline Earth Metal and Ammonium Halides, Amide Solvents
12 C. L. Young,Sulfur Dioxide, Chlorine, Fluorine and Chlorine Oxides
13 S. Siekierski, T. Mioduski and M. Salomon,Scandium, Yttrium, Lanthanum and Lanthanide Nitrates
14 H. Miyamoto, M. Salomon and H. L. Clever,Alkaline Earth Metal Halates
15 A. F. M. Barton,Alcohols with Water
16/17 E. Tomlinson and A. Regosch, Antibiotics: 1,b-Lactam Antibiotics
18 O. Popovych,Tetraphenylborates
19 C. L. Young,Cumulative Index: Volumes 1-18
20 A. L. Horvath and F. W. Getzen,Halogenated Benzenes, Toluenes and Phenols with Water
21 C. L. Young and P. G. T. Fogg,Ammonia, Amines, Phosphine, Arsine, Stibine, Silane, Germane and Stannane in Organic S
22 T. Mioduski and M. Salomon,Scandium, Yttrium, Lanthanum and Lanthanide Halides in Non-aqueous Solvents
23 T. P. Dirkse,Copper, Silver, Gold and Zinc, Cadmium, Mercury Oxides and Hydroxides
24 W. Hayduk,Propane, Butane and 2-Methylpropane
25 C. Hirayama, Z. Galus and C. Guminski,Metals in Mercury
26 M. R. Masson, H. D. Lutz and B. Engelen,Sulfites, Selenites and Tellurites
27/28 H. L. Clever and C. L. Young,Methane
29 H. L. Clever,Mercury in Liquids, Compressed Gases, Molten Salts and Other Elements
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30 H. Miyamoto and M. Salomon,Alkali Metal Halates, Ammonium Iodate and Iodic Acid
31 J. Eysseltova and T. P. Dirkse,Alkali Metal Orthophosphates
32 P. G. T. Fogg and C. L. Young,Hydrogen Sulfide, Deuterium Sulfide and Hydrogen Selenide
33 P. Franzosini,Molten Alkali Metal Alkanoates
34 A. N. Paruta and R. Piekos,4-Aminobenzenesulfonamides. Part I: Non-cyclic Substituents
35 A. N. Paruta and R. Piekos,4-Aminobenzenesulfonamides. Part II: 5-membered Heterocyclic Substituents
36 A. N. Paruta and R. Piekos,4-Aminobenzenesulfonamides. Part III: 6-membered Heterocyclic Substituents and Miscella

Systems
37 D. G. Shaw,Hydrocarbons with Water and Seawater. Part I: Hydrocarbons C5 to C7
38 D. G. Shaw,Hydrocarbons with Water and Seawater. Part II: Hydrocarbons C8 to C36
39 C. L. Young,Cumulative Index: Volumes 20–38
40 J. Hala,Halides, Oxyhalides and Salts of Halogen Complexes of Titanium, Zirconium, Hafnium, Vanadium, Niobium and Tan
41 C.-Y. Chan, I. N. Lepeshkov and K. H. Khoo,Alkaline Earth Metal Perchlorates
42 P. G. T. Fogg and W. Gerrard,Hydrogen Halides in Non-aqueous Solvents
43 R. W. Cargill,Carbon Monoxide
44 H. Miyamoto, E. M. Woolley and M. Salomon,Copper and Silver Halates
45/46 R. P. T. Tomkins and N. P. Bansal,Gases in Molten Salts
47 R. Cohen-Adad and J. W. Lorimer,Alkali Metal and Ammonium Halides in Water and Heavy Water (Binary Systems)
48 F. Getzen, G. Hefter and A. Maczynski,Esters with Water. Part I: Esters 2-C to 6-C
49 F. Getzen, G. Hefter and A. Maczynski,Esters with Water. Part II: Esters 7-C to 32-C
50 P. G. T. Fogg,Carbon Dioxide in Non-aqueous Solvents at Pressures Less Than 200 kPa
51 J. G. Osteryoung, M. M. Schneider, C. Guminski and Z. Galus,Intermetallic Compounds in Mercury
52 I. Lambert and H. L. Clever,Alkaline Earth Hydroxides in Water and Aqueous Solutions
53 C. L. Young,Cumulative Index: Volumes 40–52
54 W. E. Acree, Jr.,Polycyclic Aromatic Hydrocarbons in Pure and Binary Solvents
55 S. Siekierski and S. L. Phillips,Actinide Nitrates
56 D. Shaw, A. Skrzecz, J. W. Lorimer and A. Maczynski,Alcohols with Hydrocarbons
57 W. Hayduk,Ethene
58 W. E. Acree, Jr.,Polycyclic Aromatic Hydrocarbons: Binary Non-aqueous Systems, Part I: Solvents A–E
59 W. E. Acree, Jr.,Polycyclic Aromatic Hydrocarbons: Binary Non-aqueous Systems, Part II: Solvents F–Z
60 A. L. Horvath and F. W. Getzen,Halogenated Methanes with Water
61 C.-Y. Chan, K. H. Khoo, E. S. Gryzlova and M.-T. Saugier-Cohen Adad,Alkali Metal and Ammonium Perchlorates, Part I

Lithium and Sodium Perchlorates
62 P. Scharlin,Carbon Dioxide in Water and Aqueous Electrolyte Solutions
63 H. U. Borgstedt and C. Guminski,Metals in Liquid Alkali Metals, Part I: Be to Os
64 H. U. Borgstedt and C. Guminski,Metals in Liquid Alkali Metals, Part II: Co to Bi
65 J. J. Fritz and E. Ko¨nigsberger,Copper(I) Halides and Pseudohalides
66 J. Eysseltova´ and T. P. Dirkse,Ammonium Phosphates. JPCRD27„5…, 1289~1998!.
67 A. L. Horvath, F. W. Getzen and Z. Maczynska,Halogenated Ethanes and Ethenes with Water. JPCRD28„2…, 395 ~1999!.
68 A. L. Horvath and F. W. Getzen,Halogenated Aliphatic Hydrocarbons C3–C14 with Water. JPCRD28„3…, 649 ~1999!.
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70 Yu. P. Yampol’skii, R. Paterson and P. G. T. Fogg,Gases in Glassy Polymers. JPCRD28„5…, 1255~1999!.
71 V. P. Sazonov, G. T. Hefter and K. N. Marsh,Binary Nitromethane Systems. JPCRD29„5…, 1165~2000!.
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